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PREFACE

The US Army Engineering and Support Center, Huntsville (USAESCH), Environmental and Munitions
Center of Expertise (EM CX) contracted Tetra Tech EC, Inc. (Tetra Tech) under Contract W912DQ-08-
D-0019, Delivery Order No. ZW02, to help conduct and document a Study that follows the process of
considering, incorporating, documenting, and evaluating the benefits of green and sustainable remediation
(GSR) practices. The information obtained from this Study is being used to provide recommendations to
the Office of the Assistant Chief of Staff for Installation Management (OACSIM) for development of
Army-wide GSR guidance and policy.

This document describes the Study implementation and results, and includes a detailed approach for
performing GSR evaluations on Army environmental projects (referred to herein as the “GSR
Approach”). A preliminary GSR Approach was developed for this Study, and was then applied to 12
Pilot Projects. The GSR Approach was then revised to incorporate lessons learned during the Pilot
Projects, and the revised GSR Approach is included in Appendix A of this report. Any questions on the
Study or the GSR Approach should be addressed to Carol Dona, Study Project Manager, at DLL-
CENWO-PAGEMASTER-HX-E@USACE. ARMY.MIL.
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1.0 INTRODUCTION

11 PURPOSE OF THIS STUDY

The US Army Corps of Engineers (USACE) Environmental and Munitions Center of Expertise (EM CX)
and their contractor (Tetra Tech) have conducted a Study that follows the process of considering,
incorporating, documenting, and evaluating the benefits of green and sustainable remediation (GSR)
practices (hereafter referred to as “the Study”). The objectives of the Study were to:

(1) Follow the consideration and incorporation of GSR practices on Army environmental remediation
projects;

(2) Ascertain the effectiveness of the GSR practices considered and incorporated; and

(3) Provide procedures by which GSR practices shown to be effective can be identified, considered,
implemented and documented by Project Teams working on Army sites.

The Interim Guidance Document (IGD) 10-01: Decision Framework for Incorporation of Green and
Sustainable Practices into Environmental Remediation Projects (USACE, 5 March 2010) was used as a
starting document for the Study. Components and ideas from that document, referred to herein as the
“USACE Interim Guidance”, were included in a preliminary “GSR Approach” that was developed in the
initial phase of the Study and was then applied by Tetra Tech at 10 Army Pilot Projects in various phases
of the remedial process. Two additional Pilot Projects were performed by USACE EM CX as part of the
Study. The GSR Approach was then finalized for more general application to Army projects in the future
(see Appendix A of this report). The finalized GSR Approach from the Study was formatted in a manner
that would allow for use as a stand-alone guidance document with minimal modification.

This report includes a summary of the Study execution and Pilot Projects, including findings and lessons
learned. Recommendations for consideration by the Office of the Assistant Chief of Staff for Installation
Management (OACSIM) regarding development of Army-wide GSR guidance and policy, and
recommendations for USACE regarding USACE GSR guidance, have been provided separately to the
Army and are currently under internal review.

1.2 DEFINITION OF GSR

In August 2009, the Department of Defense (DoD) issued “Memorandum: Consideration of Green and
Sustainable Remediation Practices in the Defense Environmental Restoration Program”(August 2009
DoD Memorandum) (DoD, 2009). In March 2012, the DoD Defense Environmental Restoration Program
Manual 4715.20 (DERP Manual) incorporated the August 2009 GSR Memorandum (and at the same time
officially cancelled the August 2009 DoD Memorandum). Pursuant to the DERP Manual (March 9,
2012), GSR expands on DoD’s current environmental practices and employs strategies for environmental
restoration that:

Use natural resources and energy efficiently;
Reduce negative impacts on the environment;
Minimize or eliminate pollution at its source; and
Reduce waste to the greatest extent possible.

The DERP Manual also explains that GSR uses strategies that consider all environmental effects of
1
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remedy implementation and operation and incorporates options to maximize the overall environmental
benefit of environmental response actions. The DERP Manual further states that “the DoD component
should consider and implement green and sustainable remediation opportunities in current and future
remedial activities when feasible” and ““...the DoD Component shall, where practicable based on
economic and social benefits and costs, ensure green and sustainable remediation practices...”.

GSR typically considers environmental factors (e.g., greenhouse gas emissions caused by the remedy),
economic factors (e.g., capital and annual costs/savings for implementing GSR recommendations), and
societal/community factors (e.g., risks to workers or aesthetic impacts to neighborhoods). GSR is
commonly framed as the balancing of the environmental, economic, and societal/community factors
associated with implementation of the remedial process. This can be generally translated into the Army
concept of “Triple Bottom Line Plus” identified in the Army Posture Statement (Feb 2007) illustrated in
Figure 1-1. The GSR Approach developed in this Study accounts for mission-related factors by
acknowledging that mission-related priorities may place constraints on site-specific remediation decisions
that otherwise attempt to balance environmental, economic, and societal/community factors.

Figure 1-1. Pillars of Army Sustainability (Triple Bottom Line Plus),
Army Posture Statement, Feb 2007

The USEPA document Methodology for Understanding and Reducing a Project’s Environmental
Footprint (USEPA, February 2012, EPA 542-R-12-002) defines “Green Remediation” as follows: “the
practice of considering all environmental effects of remedy implementation and incorporating options to
minimize the environmental footprint of cleanup actions.” The term “Green Remediation” used by
USEPA focuses on environmental factors associated with the remedy, whereas the term “GSR” used by
the Army balances more factors (environmental, economic, community, and mission) as illustrated on
Figure 1-1.

A GSR evaluation generally includes site-specific application of GSR Best Management Practice (BMPs)
expected to provide beneficial results with respect to one or more GSR considerations, although those
considerations are not always quantified. GSR considerations may involve different levels of
quantification:
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e Some GSR considerations can be quantified in terms of “GSR metrics” (i.e., quantities that are
measured, calculated, or estimated), such as energy use or emissions of greenhouse gases

e Some GSR considerations may not be easily quantified, such as unwanted disturbance to
cultural resources or negative visual impacts associated with remedy implementation

The GSR BMPs developed for use in this Study are presented in Section 2.1, and specific GSR metrics
and other GSR considerations included in this Study are presented in Section 2.2 (with additional details
provided in Appendix A). For this Study the calculation of specific metrics only pertains to project-
specific decision making, but in the future it is expected that some GSR metrics will be tracked in Army
program management databases.

13 DOD POLICY REGARDING GSR

DoD policy regarding GSR was updated near the end of this Study, as follows:

e While the Study was being performed (including all of the Pilot Projects) DoD GSR policy was
described by the August 2009 DoD Memorandum.

e In March 2012, after the Study activities were largely completed and while the Study report was
being prepared, the August 2009 DoD Memorandum was superseded by the March 2012 revision
of the DERP Manual.

Both are described below, since they are both relevant to the Study.

Auqust 2009 DoD Memorandum — In Place for Most of the Study

The August 2009 DoD Memorandum referenced Executive Order 13423: Strengthening Federal
Environmental, Energy, and Transportation Management, and stated that “as part of the Department's
ongoing efforts to implement Executive Order 13423 and reduce its energy demand, the Department is
considering additional options for minimizing the environmental impact of existing and future remedial
systems.” The August 2009 DoD Memorandum included the following pursuant to GSR:

e “Opportunities to increase sustainability considerations throughout all phases of remediation (i.e.,
site investigation, remedy evaluation, design, and construction, operation, monitoring, and site
closeout) may exist, regardless of the selected cleanup remedy.”

e “I [Dorothy Robyn, Deputy Under Secretary of Defense (Installations and Environment)] request
that each DoD Component take action to evaluate these [GSR] opportunities and consider
implementing them in current and future remedial activities.”

e “The DoD Components shall consider and implement green and sustainable remediation
opportunities when and where they make sense.”

According to the August 2009 DoD Memorandum, GSR opportunities were to be evaluated for all DoD
projects, in all phases of remediation, with implementation of GSR opportunities “when and where they
make sense.”
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DERP Manual (March 2012) — Current DoD GSR Policy

As discussed above, the August 2009 DoD Memorandum was superseded by the March 2012 revision of
the DERP Manual after the Study activities were largely completed and while the Study report was being
prepared. Pertinent GSR-related excerpts from the DERP Manual are cited below.

e DERP Manual Section 6.d (Other Environmental Restoration Management Considerations,
Green And Sustainable Remediation, pp. 48-49) states the following:

“(1) Green and sustainable remediation expands on DoD’s current environmental
practices and employs strategies for environmental restoration that use natural
resources and energy efficiently, reduce negative impacts on the environment,
minimize or eliminate pollution at its source, and reduce waste to the greatest extent
possible. Green and sustainable remediation uses strategies that consider all
environmental effects of remedy implementation and operation and incorporates
options to maximize the overall environmental benefit of environmental response
actions.

(2) Opportunities to increase sustainability considerations throughout all phases of
remediation (i.e., site investigation, remedy evaluation, design, construction,
operation, monitoring, and site closeout) may exist, regardless of the selected
remedy.

(3) The DoD Component should consider and implement green and sustainable
remediation opportunities in current and future remedial activities when feasible. The
DoD Component should not under most circumstances re-open DDs and agreements
that may be in place or under negotiation with environmental regulators.

(4) Pursuant to [Executive Order 13514], the DoD Component shall, where practicable
based on economic and social benefits and costs, ensure green and sustainable
remediation practices by increasing energy efficiency; conserving and protecting
water resources through efficiency, reuse, and storm water management; eliminating
waste, encouraging recycling, and preventing pollution; leveraging agency
acquisitions to foster markets for sustainable technologies and environmentally
preferable materials, products, and services; and strengthening the vitality and
livability of the communities in which Federal facilities are located.”

e DERP Manual Section 4.b.(5).(b), p. 33, states the following for the Feasibility Study phase:

“3. In accordance with [Executive Order 13423], the DoD Component shall evaluate
remedial alternatives to ensure they are efficient; are environmentally, economically,
and fiscally sound; consider sustainable practices; and reduce the footprint of
remediation systems on the environment. During remedy evaluation and selection,
consideration of optimization and sustainability concepts will improve performance
of the remedial action and reduce the remedy footprint. Optimization concepts
include development of a conceptual site model, realistic remedial action objectives,
performance objectives, and identifying treatment zones and exit strategies.”
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o DERP Manual Section 4.b.(10), p.39, states the following for the Remedial Action Work Plan
(RAWP):

“The DoD Component shall document in the RAWP how the remedial action will be
staged and implemented during remedial action-construction (RA-C). The DoD
Component should consider remediation technologies that are conducted in a
sustainable manner; are efficient; and are environmentally, economically, and fiscally
sound, in order to reduce the footprint of remediation strategies on the environment.”

o DERP Manual, Section 6.d (Other Environmental Restoration Management Considerations, E.
Remedy Optimization, p.49) states the following for Remedy Optimization:

“(1) The DoD Component shall maximize DERP effectiveness and minimize the
DERP financial liabilities and environmental footprint.”

Accordingly, in all phases of remediation and for all DoD projects, the March 2012 DERP Manual
instructs DoD Components to consider and implement GSR opportunities when feasible and ensure the
use of GSR remediation practices where practicable based on economic and social benefits as well as
costs. In addition, the March 2012 DERP Manual also includes direction regarding GSR in specific
remedy phases, as follows:

e Inthe FS phase, evaluate remedial alternatives to ensure they are efficient; are environmentally,
economically, and fiscally sound; consider sustainable practices; and reduce the footprint of
remediation systems on the environment.

e Inthe RAWP in the Remedial Action phase, consider remediation technologies that are
conducted in a sustainable manner; are efficient; and are environmentally, economically, and
fiscally sound, in order to reduce the footprint of remediation strategies on the environment.

o Inthe Remedial Operation phase, minimize the environmental footprint as part of optimization
performed.

Also, the DERP Manual indicates that, generally, most documents already in place or in negotiation with
the regulators should not be re-opened solely for the purpose of considering and/or implementing GSR
opportunities.

14 STUDY SCOPE AND EXECUTION

The Study began in September 2010 and included the following elements:

e Developing a preliminary GSR Approach for Army projects applicable to sites in the Installation
Restoration Program (IRP) and the Military Munitions Response Program (MMRP)

o Performing GSR evaluations for 12 Pilot Projects (10 were performed by Tetra Tech and 2 were
performed by USACE EM CX)

e Documenting several GSR case studies that highlight GSR practices for projects that were not
included in the Pilot Projects
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e Finalizing the GSR Approach for future use on Army projects, based on lessons learned from the
Pilot Projects and modified for more general application (see Appendix A)

e Providing recommendations for development of Army-wide policy and guidance on GSR, as well
as recommendations for further development of Battelle SiteWise ™ Green and Sustainable
Remediation Tool (referred to hereafter as SiteWise™) and other footprinting tools, and revisions
to the USACE Interim Guidance. Note, Army-wide policy and guidance recommendations as
developed from the Study results are under internal review by the Army and are not included in
this report.

For each Pilot Project, the USACE EM CX concurrently followed and documented the process that the

Project Team used in consideration and implementation of the GSR recommendations (summarized in a
Memorandum for each Pilot Project, which are included in Appendix C).

1.4.1 Unified GSR Approach for IRP and MMRP Projects

The USACE Interim Guidance was used as the starting document for the development of the GSR
Approach. Initially there were plans for the Study to include two separate approaches for conducting
GSR evaluations, one for Army IRP projects and one for Army MMRP projects. A brief description of
IRP and MMRP projects is provided below:

o The DERP Manual (March 2012) indicates that sites in the IRP category require response actions
to address releases of: (a) hazardous substances and pollutants or contaminants; (b) Petroleum,
Oil, or Lubricants (POLs) with some exclusions; (c) hazardous wastes or hazardous waste
constituents; and (d) explosive compounds released to soil, surface water, sediment, or
groundwater as a result of ammunition or explosives production or manufacturing at ammunition
plants. The IRP category also includes response activities to address unexploded ordnance
(UXO0), discarded military munitions (DMM), or munitions constituents (MC) posing an
explosive, human health, or environmental hazard that are incidental to an existing IRP site. IRP
projects are commonly known as hazardous, toxic, and radiological waste (HTRW) projects and
response actions may be conducted on a portion of a site identified as an Area of Concern (AOC),
Solid Waste Management Unit (SWMU), or Hazardous Waste Management Unit (HWMU).

e The DERP Manual (March 2012) indicates that sites in the MMRP category include Munitions
Response Areas (MRAS) and Munitions Response Sites (MRSSs) that require a munitions
response. Instead of traditional HTRW contaminants, the response action for MMRP projects is
to munitions and explosives of concern (MEC) or munitions constituents (MC). MMRP projects
address the explosives safety, human health, and environmental risks posed by these
contaminants. An area known or suspected to contain MEC or MC (e.qg., firing ranges, munitions
burial areas) is identified as a MRA, which is composed of one or more discrete MRSs.

Early in the Study, Tetra Tech reviewed 23 Site Investigation (SI) reports for MMRP projects with a
diverse range locations, contractors, and site types to draw conclusions on MMRP S| GSR practices. A
meeting was held in Huntsville, Alabama on 16 November 2010 and the merits of a unified GSR
Approach for IRP and MMRP projects were discussed. There was consensus that there was substantial
overlap in the GSR evaluation process for IRP and MMRP projects, and it was decided that that one GSR
Approach applicable to both IRP and MMRP projects would be developed during the Study.
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1.4.2 Definitions of Teams for Pilot Projects within the Study

The following terminology was used to refer to participants in the Pilot Projects for this Study:

e Study Team: The overall team conducting the Study, led by USACE EM CX and their contractor
Tetra Tech. Carol Dona (USACE EM CX) was the Project Manager for the Study, and Nick
Stolte (USACE EM CX) was MMRP Coordinator for the Study.

e Project Team: The site-specific team associated with implementation of the remedial process for
each Pilot Project, typically consisting of personnel from the Installation and/or USACE as well
as one or more site contractors.

e GSR Evaluation Team: The team performing a site-specific GSR evaluation (in this Study the
GSR Evaluation Team consisted of members of the Study Team that were independent of the
Project Team).

o Liaison: A representative of USACE EM CX (for each Pilot Project) who helped coordinate
exchange of information between the various teams listed above while the Pilot Projects were
being performed.

Note that for the Pilot Projects in this Study, the GSR Evaluation Team consisted of Tetra Tech and/or
USACE EM CX personnel who were not part of the Project Team. For future application of the GSR
Approach developed in this Study (see Section 1.5 and Appendix A), it is envisioned that most GSR
evaluations for Army projects will be performed by a subset of the Project Team (including their
contractors).

1.4.3  Use of SiteWise™ Tool for Quantitative Footprinting of GSR Metrics

The term “footprint” is defined in USEPA’s Methodology for Understanding and Reducing a Project’s
Environmental Footprint (February 2012) as follows:

“The term “footprint’ refers to the quantification of a specific metric that has been assigned a
particular meaning. For example, the “carbon footprint” is the quantification of carbon dioxide
(and other greenhouse gases [GHGs]) emitted into the air by a particular activity, facility, or
individual. This common footprint measure has been established in the past because emissions of
carbon dioxide and other GHGs have been linked to climate change.”

USEPA’s Methodology for Understanding and Reducing a Project’s Environmental Footprint (February
2012) indicates that a “metric” refers to a project parameter for which a quantitative value may be derived
mathematically, estimated through engineering details, or extracted from past project records with actual
data. The term “environmental footprint” in the above-referenced EPA Methodology includes metrics
such as energy use and water use as well as air emissions to represent the effects a cleanup project may
have on the environment. The term “environmental footprint” can be more broadly defined as “the direct
or indirect impact on environmental media and society from remedial activities” (Navy GSR Fact Sheet
2010). This includes quantification of one or more GSR metrics, plus qualitative considerations, typically
assessed for a “baseline case” and one or more alternatives to the baseline. This broad definition of
“environmental footprint” (i.e., both quantitative and qualitative considerations) was utilized in this
Study.
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For some GSR metrics considered in this Study (discussed in detail in Appendix A) quantification is a
straightforward accounting of information available from remedial activities (e.g., the amount of refined
materials used as part of an in-situ chemical oxidation remedy). For other GSR metrics, intermediate
steps are required, such as quantifying the fuel used for a drill rig and the air emissions associated with
that fuel use. SiteWise™ is a spreadsheet tool co-developed by Battelle, the Army, the USACE, and the
Navy to facilitate many such calculations. Appendix A includes a detailed description of the specific
metrics calculated by SiteWise™ and also includes examples for calculating specific GSR metrics
included in the Study not directly calculated by SiteWise™.

1.4.4 Listing of Pilot Projects for this Study

The Pilot Projects for which GSR evaluations were performed in this Study are presented in Table 1-1.
Additional detail for each Pilot Project is provided in Table 1-2 regarding the timing within the remedial
phase when the GSR evaluation was performed, as well as a summary of the alternatives for which GSR
metrics were quantitatively evaluated as part of the GSR evaluation.

Table 1-1. Listing of Pilot Projects for the Study

Pilot Project Site Name ‘ State ‘ Program Phase Project Description
GSR Evaluation Performed by Tetra Tech:
Akiachak Federal Scout Armory AK IRP — NGB RA Soil Remediation (Petroleum)
Former Black Hills Army Depot | SD | MMRP - FUDS RI Chemical Warfare Material

Remediation

Former NAD - Hastings NE IRP — FUDS RD Pump and Treat (P&T) with MNA
lowa Army Ammunition Plant 1A MMR:rr—nC\ctlve FS Munitions Remediation
Lake City Army Ammunition MO IRP — Active RA-O Optimization of P&T’s and
Plant Army Evaluation of In-situ Bio Substrate
Lockbourne Landfill OH IRP — FUDS RD Consolidation/Capping of Landfill

Fort Missoula Blue Mountain

Training Area MT MMRP - NGB RI Munitions Remediation

Shepley's Hill Landfill (Draft FFS Alternatives to Current P&T and

MA IRP —BRAC Draft FFS | Alternatives for Plow Shop Pond
Phase) .
Barrier Wall
Shepley's Hill Landfill Hydraulic Barrier Wall (Plow Shop
(Constructability Phase) MA IRP — BRAC RD Pond) Constructability Evaluation
Umatilla Chemical Depot OR IRP — BRAC FFS P&T and Bioremediation

GSR Evaluation Performed by USACE EM CX:

Schilling Air Force Base Atlas

Missile Facility S-1 KS IRP - FUDS SI SI Activities
gﬁ?&&h'”mg Atlas Missile KS IRP_FUDS | PostFS (PP) | MNA w, w/o Source Removal
8
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Table 1-2. Remedial Phase Timing and Summary of Alternatives
Evaluated Quantitatively for the Pilot Projects

Pilot Project

Remedial Phase
(Includes Timing)

Summary of Alternatives for which
GSR Metrics were Evaluated Quantitatively

Akiachak FSA

RA
(prior to excavation)

Excavation and off-site disposal (baseline)
On-site biological treatment
Excavation and off-site thermal treatment

Former Black Hills

RI
(after geophysics but

Army Depot ' ; ¢ Planned RI activities (baseline)
before intrusive
(MMRP) investigation)
e Planned P&T system (baseline)
o Power with wind energy
Former NAD - RD e Use of VFD on air stripper blower motors
Hastings (after 30% design) o Use of VFDs on extraction pumps
¢ Change from air stripping to liquid phase GAC
o Build two treatment plants
¢ Munitions of Explosive Concern (MEC) alternatives
o Land use controls -fencing and signs (4 areas)
lowa AAP FS o Removal from subsurface (4 areas)
(MMRP) (draft FS completed) ¢ Munitions Constituents (MC) alternatives
o Land use controls — groundwater monitoring (1 area)
o Removal with off-site disposal (1 area)
e Current P&T remedies (baseline)
RA-O o Eliminate catalytic oxidizer at Building 163
Lake City AAP (operating remedy) ¢ Eliminate individual water supply well air strippers
¢ Direct discharge to POTW rather than treatment at Building 163
o Alternate on-site treatment for water treated at Building 163
Lockbourne Landfill (after 3;2design) ¢ Planned remediation activities — consolidation and capping
. RI
Fort Missoula BMTA (priortoplanned | Planned RI Activities
(MMRP) o
activities)
o Alternatives to Current P&T remedy
o Current P&T system (baseline)
o MNA instead of P&T
Shepley's Hill Landfill FFS o P&T with reinjection of treated water
(Draft FFS Phase) (after Draft FFS) o Permeable reactive barrier instead of P&T
e Plow Shop Pond barrier wall
o Permeable reactive barrier
o Hydraulic barrier
's Hi i RD
(ggiglt%st;:illlitly_/aﬁr?;;!) (Constructability) o Plow Shop Pond barrier wall (hydraulic barrier)
Umatilla Chemical FES . P;]?LT exzansipn F}Ius_bi_qrelmediaéionébaseline)
Depot (after Draft FFS) e Shorter duration for initial remedy phase

Ship samples to closer laboratory
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Table 1-2. Remedial Phase Timing and Summary of Alternatives
Evaluated Quantitatively for the Pilot Projects

Pilot Project

Remedial Phase
(Includes Timing)

Summary of Alternatives for which
GSR Metrics were Evaluated Quantitatively

Schilling Air Force
Base Atlas Missile
Facility S-1

Sl

(based on SI work plan,
which was being
performed during the
GSR evaluation)

Planned Sl field activities (baseline)
Off-site disposal of IDW rather than on-site disposal
Rotosonic drilling rather than mud rotary

Former Schilling Atlas
Missile Site S-5

Post-FS
(before proposed plan)

Long-term monitoring/ MNA
Enhanced anaerobic bioremediation/MNA
In situ chemical oxidation/MNA

1.4.5

General Approach for Conducting Pilot Project GSR Evaluations in this Study

The general process that was used for the Pilot Project GSR evaluations during the Study is summarized

below:

Establish intent to incorporate GSR in project planning — The EM CX Project Manager
and MMRP Coordinator identified Project Teams with projects spanning the remedial
phases, Army components, and MMRP and IRP programs that were willing to participate in
the Study and consider implementation of GSR recommendations. The EM CX Project
Manager established an EM CX liaison for each Pilot Project to serve as an interface between
the Project Team and the GSR Evaluation Team, and to assist with GSR identification,
consideration, incorporation, and implementation.

Notice to Proceed to Contractor — This was an informal notice to the GSR Evaluation Team
to proceed with the GSR evaluation as part of the Study.

“Step 3 Call” — This was a short conference call (on the order of 1 hour) with the GSR
Evaluation Team, the Project Team manager, and usually one or more Project Team
contractors. The call provided the Project Team with an introduction to the GSR evaluation
process and the scope of the GSR evaluation, and included a discussion of logistics for the
GSR evaluation. A key component of this call was to arrange the transfer of project
documents to the GSR Evaluation Team for review. Also, the overall timing of the GSR
evaluation within the schedule of the Project Team activities was discussed. In addition, the
Project Team and the EM CX liaison were provided with a generic list of GSR BMPs.

Evaluation preparation — The GSR Evaluation Team reviewed project documents that were
provided and evaluated how GSR applied to the project. The GSR Evaluation Team
reviewed the BMP checklist based on project-specific information pertinent for footprint
guantification. The Project Team and the EM CX liaison reviewed the BMP checklist in
preparation for a subsequent GSR conference call or meeting, and in some cases sent a
partially completed checklist to the GSR Evaluation Team prior to the GSR conference call.

“Step 5 Call” (or meeting) — The GSR Evaluation Team and Project Team reconvened for a
more substantial GSR conference call (generally required approximately 2 hours). In two
cases, a meeting with a site visit occurred in place of a GSR conference call. The BMP

10
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checklist was used as an outline to discuss how GSR applied to the project and the extent to
which the GSR BMPs had already been considered or applied. The teams also discussed the
merits of including footprint quantification as part of the GSR evaluation. If footprint
guantification was appropriate, the GSR Evaluation Team and Project Team discussed the
site information and how to address data gaps that remained after the GSR Evaluation Team
review of the project documents.

6. GSR Analysis — The GSR Evaluation Team analyzed the information obtained from the
project documents and the Step 5 Call (or meeting), including further analysis of the BMP
checklist. In addition, , the GSR Evaluation Team quantified footprints as selected by the
evaluation process using SiteWise™ and other tables/calculations for addressing GSR
parameters not directly considered by SiteWise™ (e.g., percent of materials from recycled
resources).

7. GSR Evaluation Report — Specific GSR findings and recommendations were documented in
a GSR Evaluation report, along with the updated BMP checklist forms. The Project Team
was provided with a Draft Final GSR Evaluation Report, and their comments (plus any
comments from USACE EM CX) were addressed in a Final GSR Evaluation Report.

8. Consideration and Implementation — USACE EM CX followed the process of GSR
consideration, incorporation, implementation and documentation by each Project Team and
documented this process in a memorandum for each Pilot Project (see Appendix C).

15 FINALIZED GSR APPROACH FOR ARMY PROJECTS

A finalized GSR Approach for Army Projects is included as Appendix A. This finalized GSR Approach
is simpler and more general than the preliminary GSR Approach used for the Pilot Projects during the
Study. The finalized GSR Approach assumes a subset of the Project Team (including their contractors)
will typically perform GSR evaluations as part of routine project work (whereas the Study used a third-
party to perform the GSR evaluations). In addition, the finalized GSR approach incorporates lessons
learned from the Pilot Projects conducted during the Study (e.g., the BMP checklist forms were simplified
in the finalized GSR Approach). The finalized GSR Approach was formatted in a manner that would
allow for use as a stand-alone guidance document with minimal modification.

The finalized GSR Approach (see Appendix A) refers to “teams” that are defined as follows:

e Project Team: Refers to those associated with implementation of the remedial process for the
project being evaluated. This may include USACE, Base Realignment and Closure (BRAC),
Army Environmental Command (AEC), Army National Guard, and/or contractor Project
Delivery Team (PDT) members.

e GSR Evaluation Team: Refers to the personnel that would perform the GSR evaluation. For the
purposes of this Approach, this person or persons are hereafter referred to as the GSR Evaluation
Team. A subset of the Project Team typically will perform the GSR Evaluation, in some cases
augmented by individuals who are otherwise not directly involved in the day-to-day aspects of the
remediation. For example, a GSR evaluation at an Active Army Installation project could be
performed by a team comprised of the environmental remediation manager (ERM), the project
contractor, and the installation environmental manager (EM). In the case of a Remedial System
Evaluation (RSE) optimization for an Active Army installation, the GSR evaluation could be
performed by a team comprised of the ERM, the installation EM, the installation contractor(s),
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and the manager for the RSE (e.g., a member of the USACE). It is noted that in some situations
where the project contractor is tasked contractually with performance of the GSR evaluation, the
"GSR Evaluation Team" could be the contractor. The GSR Evaluation Team is differentiated
from the Project Team in this Approach because it is important that the subset of personnel
performing the GSR Evaluation, that is, the GSR Evaluation Team, communicate effectively with
the overall Project Team in the decision-making process to determine the feasibility and
practicality of implementing GSR opportunities identified by the GSR Evaluation Team.

A general process for a GSR evaluation that incorporates consideration of BMPs, and includes footprint
guantification where appropriate, is outlined below (more details are provided in Section 2.0 of Appendix

A):

1. Planning — This step has two main sub-items:

Integrate GSR within Overall Project Planning. The Project Team should consider the

potential incorporation of overall project planning, practices, and methodologies that
encourage resource conservation and efficiency (i.e., inherently consistent with GSR).
Examples include the following:

O

Optimization - provides the potential for resource conservation through
optimization of remedial systems or processes.

Third party review - provides the opportunity for experts in remediation to give a
fresh look and to draw on their expertise (e.g., suggest alternate technologies or
approaches not currently being considered).

Systematic planning - allows the project to look forward and coordinate future
activities with current activities (e.g., a decision document that allows transition
from a resource intensive approach such as P&T to a less intensive approach
such as MNA).

Stakeholder involvement — allows concerns of stakeholders to be considered
during the development and evaluation of GSR opportunities (e.g., preference
regarding removal versus re-use of existing site infrastructure).

If the project phase includes preparation of a decision document or the document for
public review preceding the decision document (i.e., a proposed plan), the language in
those documents should be flexible enough to allow for consideration of GSR practices
during remedy design, construction, and operation.

Other Planning Activities for a Site-Specific GSR Evaluation. These planning activities

include the following:

O

Establish intent to implement GSR when feasible

Determine who will perform the GSR evaluation (i.e., the members of the
Project Team who will be on the GSR Evaluation Team and any members
outside the Project Team if applicable)

Perform screening to evaluate applicability of quantitative footprinting

12
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o Establish GSR evaluation objectives and scope

o Determine how GSR will be included and documented in the overall project
remedial process

o Evaluate contract strategy for project regarding GSR (consider which phases will
be combined into separate contracts, what types of contracts will be used, and
what level of GSR consideration will be needed for each contract)

o Establish timing of the GSR evaluation(s) within the current project phase

o Develop and include contract language for GSR inclusion in the project

2. ldentification and Analysis of GSR Opportunities — This step has several sub-items:

Review Information and Fill Data Gaps. The GSR Evaluation Team reviews project
documents and evaluates how GSR applies to the project. The BMP checklist (see
Attachment A-1 of Appendix A) is reviewed to identify the extent to which the GSR
BMPs have already been considered or applied and additional cases where BMPs could
potentially be applied moving forward. It is assumed that the GSR Evaluation Team will
typically be a subset of the Project Team, and it is important that the GSR Evaluation
Team exchange information and GSR ideas with the overall Project Team. The BMP
checklist in Attachment A-1 of Appendix A is recommended as an outline to guide these
discussions. If the GSR evaluation will include footprint quantification, pertinent
information is obtained from project documents and/or Project Team communications.
Pertinent cost information is obtained to determine the cost impacts of any proposed GSR
BMPs or remedial options. For MMRP projects, Section 4 of Appendix A (which
discusses additional considerations for MMRP projects) should be reviewed.

Fill Out GSR BMP Checklist Tables. The GSR Evaluation Team (ideally with assistance
from the overall Project Team) fills out the BMP checklists based on the activities
described above.

Perform Quantitative Footprinting (When Applicable). If footprint quantification has
been selected as part of the evaluation process, the GSR Evaluation Team quantifies the
footprint using SiteWise™ and other calculations for addressing GSR metrics not directly
considered by SiteWise™. *

Document GSR Evaluation Findings and Recommendations. Based on the results of the
BMP review and footprint quantification, the GSR Evaluation Team documents the
information reviewed (including the finalized BMP checklists), and also presents the
guantitative footprint assumptions, input values, and results. Qualitative considerations
regarding GSR are also presented. Findings and recommendations from the GSR
evaluation are documented and provided to the overall Project Team for consensus on the

! The Army generally recommends the use of SiteWise™ for GSR quantitative footprinting because of its flexibility
and breadth in evaluating remedial options over the remedial cycle. The Sustainable Remediation Tool (SRT) of the
Air Force is also publicly available

(http://www.afcee.af.mil/resources/technologytransfer/programsandinitiatives/sustainableremediation/srt/index.asp),

as well as a number of proprietary tools developed by contractors.
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final recommendations from the GSR evaluation. It is expected that GSR metrics will be
tracked in Army program management databases in the future, and GSR metrics and
related information from the GSR recommendations as agreed on by the Project Team
should be entered into Army databases as required and/or appropriate. Documentation of
a GSR evaluation may be in the form of a full “GSR Evaluation Report” or a less formal
document. In some cases a GSR Evaluation Report will become part of the formal record
of the project, and in other cases the documentation of findings and recommendations of
the GSR evaluation may be an internal report or memorandum. A template GSR
Evaluation Report is included as Attachment A-3 of Appendix A, and an example GSR
Evaluation Report (i.e., filled in version of the template) is included as Attachment A-4
of Appendix A.

3. Consideration and Implementation of GSR Opportunities — The results of the GSR
evaluation are reviewed by the Project Team, and site-specific recommendations are
considered. The GSR recommendations considered feasible (i.e., practical) are then
implemented. In some cases, recommendations may only be partially implemented, or
implemented in a modified form.

4. Documentation of GSR Consideration and Implementation in Project Documents — The
results of the GSR evaluation may be incorporated as a section and/or appendix of a Project
report (e.g., as part of a Feasibility Study, Remedial Design, or Remediation System
Evaluation report). In some cases, the entire GSR Evaluation Report will be included as a
stand-alone report or Appendix, and in other cases the GSR evaluation results may simply be
summarized in a formal Project document or provided as a memorandum. One goal of this
step is to document that GSR items were considered and GSR recommendations were
implemented when feasible. Another goal is to document the assumptions used in the GSR
evaluation. The use of tracking tables for each GSR recommendation (a template of which is
included in Appendix A), allows the Project Team to document and explain the basis of each
GSR recommendation and the implementation status. Such tracking tables for GSR
recommendations can be updated throughout the project with reasons provided for
implementation or rejection of each recommendation.

As part of the finalized GSR approach, the BMP checklist forms (see Attachment A-1 in Appendix A)
were simplified to eliminate items that were potentially burdensome and provided little benefit.

1.6 STRUCTURE OF THIS DOCUMENT
This report is structured as follows:

e Section 1: Introduction
o Purpose of this Study
o Definition of GSR
o DoD Policy Regarding GSR
o Study Scope and Execution
= Unified GSR Approach for IRP and MMRP Projects
= Definitions of Teams for Pilot Projects within the Study
= Use of SiteWise™ Tool for Quantitative Footprinting of GSR Metrics
= Listing of Pilot Projects for this Study
= General Approach for Conducting Pilot Project GSR Evaluations in this Study
o Finalized GSR Approach for Army Projects
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e Section 2: GSR BMPs and GSR Metrics (Footprinting) in this Study

O
O

GSR BMPs in this Study
GSR Metrics and Qualitative Considerations

e Section 3: Results from Pilot Projects and other Case Studies

O

O
o
O

Results from Application of BMPs
Results for GSR Metrics

Summary of Qualitative Considerations
Additional Case Studies

e Section 4: Findings and Lessons Learned from Pilot Project GSR Evaluations

©)

O O O O O O O

Consideration and Implementation of GSR

Application of GSR for Different Remedial Phases

Application of GSR for Different Remediation Technologies

Most Important Drivers for Specific GSR Footprints

Work-Arounds for SiteWise™ and Suggestions for Further Tool Development

GSR Application for MMRP Projects

Cost of Performing a GSR Evaluation

Potential Cost and Resource Implications of GSR Recommendations For Pilot Projects

e Section 5: References

Additional information is provided in appendices, as follows:

o A copy of the finalized GSR Approach is included as Appendix A

e Summary sheets for case studies that present GSR information for Army projects that were not
part of the 12 Pilot Projects are presented in Appendix B.

o Memorandums prepared by USACE EM CX regarding consideration and implementation of GSR
recommendations for Pilot Projects are presented in Appendix C.

Each of the 12 Pilot Project GSR Evaluation reports is included in VVolume 2.
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20 GSR BMPs AND GSR METRICS (FOOTPRINTING) IN THIS STUDY

2.1 GSR BEST MANAGEMENT PRACTICES (BMPs) IN THIS STUDY

A GSR evaluation generally includes site-specific application of BMPs expected to provide beneficial
results with respect to one or more GSR considerations, although those considerations are not always
quantified. For this Study, a specific list of 66 GSR BMPs was developed. The list is divided into the
following categories:

Planning

Characterization and/or Remedy Approach
Energy/Emissions - Transportation
Energy/Emissions - Equipment Use

Materials & Off-Site Services

Water Resource Use

Waste Generation, Disposal, and Recycling
Land Use, Ecosystems, and Cultural Resources
Safety and Community

Other Site-Specific BMPs

STIEMMUOWR

These were formulated as “BMP checklist forms” (see Attachment A-1 in Appendix A), to serve as an
outline for collecting information and developing GSR opportunities during a site-specific GSR
evaluation (i.e., by considering project-specific considerations, advantages, or limitations for
implementing individual BMPs). The GSR BMPs developed for this Study are listed below (note that
BMPs A-11 and I-8 were added after the Pilot Projects were completed). The GSR BMPs were designed
to be general so that they are broadly applicable and do not become outdated as related Federal guidance
or policy (e.g., regarding procurement of materials with recycled content, low impact design, renewable
energy certificates, etc.) is modified in the future. Application of the GSR BMPs should consider specific
guidance and policy in place at the time the GSR evaluation is performed.

2.1.1 BMPs for Planning

A-1.  Develop a culture of GSR within the Project Team and encourage GSR ideas from project staff,
and review similar projects from other sites for possible transfer/adoption of GSR ideas

A-2.  Incorporate a section on GSR in project meetings, work plans, and reports

A-3. Identify and periodically update a list of key stakeholders and their concerns with respect to
GSR considerations

A-4.  Schedule activities for appropriate seasons and/or time of day to reduce delays caused by
weather conditions and fuel needed for heating or cooling
Examples:
- Work at night in summer to avoid heat stress
- Perform field activities in summer to take advantage of longer daylight

A-5.  Prepare, store, and distribute documents electronically
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A-T.

A-8.

A-9.

A-10.

A-11.

2.1.2

B-1.

B-2.

Utilize teleconferences rather than meetings when feasible

Incorporate green and sustainable remediation (GSR) specifications into solicitations and
contracts
Examples:

- Follow pertinent green procurement policies

- Select hotel chains with “green” policies

- Select laboratories that utilize renewable energy

- Include GSR in the request for proposal, as well as any incentives for GSR

incorporation
- Include GSR as one of the technical evaluation factors for contract award

Integrate schedules to allow for resource sharing and fewer days of field mobilization

Tailor the remedy cleanup goals such that they are appropriate for anticipated end-use of the
property, rather than assuming a more conservative exposure scenario with more stringent
cleanup goals

Conduct thorough review of project documents and historical records to minimize required
scope of investigation
Examples:

- IRP projects: determine if there are previous aquifer tests that can be used for
groundwater modeling rather than conducting new aquifer tests

- MMRP projects: perform careful review of historic documents, aerial
photographs, and other existing information to reduce the footprint of land that
needs to be disturbed for thorough investigation and remediation

- MMRP projects: use IRP sampling data to supplement and enhance the MMRP
field program (if available)

Use language in work plans, proposed plans, and decision documents that maximizes flexibility
to allow GSR recommendations to be implemented
Examples:
- designation of a “suitable growth media” for a landfill cap cover material rather
than “top soil”
- allow for “treatment technologies that achieve adequate levels of treatment”
rather than specifying only one treatment technology

BMPs for Characterization and/or Remedy Approach

Develop and routinely update a conceptual site model (CSM) to use as a basis for making
remedial process decisions

Perform regular optimization evaluations to improve efficiency of current or planned actions
and/or develop alternative remedial approaches that might shorten remedy duration or
otherwise improve the net environmental benefit of the remedy, including use of any
methodologies, such as TRIAD (www.triadcentral.org), systematic planning (technical project
planning), value engineering studies, and remedial system evaluations, expected to optimize the
planning and/or execution of the project
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B-3.  Use appropriate characterization or remedy approach based on site conditions
Examples:

- Consider in-situ and passive remedy options that offer adequate protectiveness

- Consider in-situ bioremediation if conditions are already anaerobic and
constituents are conducive to reductive dechlorination

- Compare source removal versus in-situ and ex-situ remedial options

- Consider different technologies for impacted areas with higher and lower
concentrations

- Use realistic times to remedy closeout (i.e., estimations through modeling) rather
than assumed remedy timeframes (e.g., 30 years, which is often used for
evaluation of FS alternatives)

- MMRP projects: evaluate man-portable DGM instruments versus vehicle-towed
array (VTA) instruments and inclusion of detector-aided reconnaissance (DAR)

- MMRP projects: evaluate best alternative for destruction of munitions (e.g., blow
in place versus consolidated shot versus controlled detonation chamber)

B-4.  Establish decision points to trigger a change from one technology to another or from one
remedy alternative to another
Examples:

- Change vapor treatment from thermal oxidation to granular activated carbon
(GAC) media based on flow rates and concentrations

- Remove a treatment polishing step if influent to that step already meets discharge
criteria

- Move to Monitored Natural Attenuation (MNA\) if specific concentration
thresholds in groundwater are met

B-5.  Focus sampling efforts to meet objectives of the specific remedial phase (e.g., sampling during
O&M should be focused on evaluating remedy performance and not on thorough plume
characterization)

Examples:

- Eliminate sampling parameters as appropriate
- Reduce sampling frequency as appropriate

- Reduce sample locations as appropriate

- Enhance monitoring program as appropriate

- MMRP projects: consider Incremental Sampling Methodology (ISM) versus
discrete sampling for MC characterization

B-6.  Consider real-time measurements and dynamic work plans to reduce mobilizations and improve
effectiveness of investigation efforts
Examples:
- Field test kits (e.g., test kits for sulfate)

- Field screening instruments (e.g., x-ray fluorescence for lead or photoionization
detectors for volatile organics)

- Drive point sensor technologies (e.g., membrane interface probe or “MIP”)
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B-7.

B-8.

B-9.

2.1.3

- Visual staining or odor

- Establish excavation extent based on real-time data collected as excavation
proceeds and use GPS to accurately delineate excavation areas

- MMRP projects: use GPS and/or the same equipment that was used for detection
to confirm anomaly signatures prior to excavating

- MMRP projects: consider incorporating field screening methods (e.g., X-ray
fluorescence, EXPRAY and explosives test kits, as appropriate or applicable)
into the field program to refine sampling locations and reduce the quantities of
samples submitted for off-site laboratory analysis

- MMRP projects: consider use of advanced electromagnetic sensors (e.g.,
MetalMapper) for better subsurface item identification to reduce digging
requirements

Consider use of existing site structures/infrastructure or mobilization of temporary structures
Versus new construction
Examples:
- Buildings (e.qg., for treatment building or field office)
- Concrete slabs or foundations
- Wells
- Existing excavations for storm water control

Establish project-specific decision points to limit extent of remediation
Examples:

- Project-specific cleanup levels based on a site-specific risk assessment
(coordinated with risk assessment experts) rather than generic cleanup levels, if it
results in lower footprints for key metrics and is acceptable to all stakeholders

- MMRP projects: dig stopping rules and anomaly prioritization/detection criteria
to minimize false positives

Consider leaving in place structures whose removal is not necessary (i.e., foundations,
underground pillars, etc.)

BMPs for Energy/Emissions — Transportation

Reduce the number of trips for personnel
Examples:

- Encourage carpooling

- Use telemetry systems and webcams to remotely transmit data directly to project
offices to avoid trips

Reduce the number of trips and/or volume for transported materials, equipment, or waste
Examples:

- Transfer full loads by consolidating shipments from vendors and/or shipments to
disposal sites (also share shipments with neighbors if feasible)

- Purchase more concentrated chemicals to reduce transportation weight and/or
volume
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C-3.  Reduce trip lengths
Examples:

Dispose of waste at closest appropriate facility

Purchase materials, equipment, and services from local vendors
Use locally produced supplies

Select most efficient transportation route

C-4.  Use alternate fuels or other options for transportation when possible
Examples:

Compressed natural gas

Biodiesel blends

Ethanol blends

Hybrid and/or electric

Rail lines versus trucks

Use a fuel efficient passenger car rather than a pickup truck if task allows

2.1.4 BMPs for Energy/Emissions — Equipment Use

D-1.  Consider and implement approaches to minimize engine idle times

D-2.  Ensure peak operating efficiency of equipment to reduce energy use and emissions
Examples:

Perform preventative maintenance and operate equipment per manufacturer
instructions

Perform retrofits involving low-maintenance multi-stage filters for cleaner engine
exhaust

Use synthetic oil to extend operating life (and reduce waste oil)
Purchase newer equipment with reduced emissions

D-3.  Use alternate fuel options for equipment when possible
Examples:

Compressed natural gas
Biodiesel
Ethanol blends

Ultra-low sulfur diesel, wherever available (and as required by engines with PM
traps)

Recycled oil (ensure compliance with operating requirements/warranties)

D-4.  Select appropriate equipment and/or power source for the job
Examples:

Avoid using large excavators for small earthmoving projects
Use direct push methods when possible to reduce drilling duration
Compare potential use of electricity versus battery versus generator

D-5.  Use variable frequency drives on motors (e.g., pumps, blowers), or replace oversized motors
with properly sized motors
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D-6. Identify options for generating renewable energy for direct use in the remedial activities and/or
for alternate use at or near the project site
Examples:

- Solar, wind, landfill gas (microturbines), combined heat and power, geothermal
heat exchange

- Applications for remote areas such as solar pumps or solar flares (if demand is
not continuous, the need for a battery backup may be avoided)

- Generate power or heat exchange from water to be discharged

D-7.  Consider purchase of renewable energy certificates (RECs) to offset emissions from the
remedial activities (note that a Memorandum titled Department of the Army Policy for
Renewable Energy Credits, dated 24 May 2012, states that “the Army shall not purchase RECs
solely to meet Federal renewable energy goals,” but it is possible that Project Teams might in
some cases consider the purchase of RECs to address concerns of one or more stakeholders at a
specific site)

D-8.  Design/modify housing required for above-ground treatment components for energy-efficiency
Examples:
- Passive lighting
- Compact fluorescent lighting (CFL) or light-emitting diode (LED) lighting
- Timers and/or motion control sensors for lighting
- Shading
- Minimize heating and cooling needs (building size, insulation, etc.)

D-9.  For remedies that involve groundwater or air extraction, optimize extraction to reduce flow
rates (potentially beneficial with respect to energy use, materials usage, water resources, waste
disposal, etc.)

D-10. Consider pulsing for extraction and/or injection of water or air for extraction of water or air to
maximize mass removal per unit of time or energy, by extracting higher concentrations

D-11. Run electrical equipment during times of lower electric demand if possible (this does not

reduce energy use but could lower cost and also can lower stress on the energy grid during
periods of peak demand)

2.1.5 BMPs for Materials and Off-Site Services

E-1.  Use materials that are made from recycled materials
Examples:
- Steel
- Asphalt
- Plastics
- Concrete

E-2.  Optimize the amount of materials used
Examples:
- Experiment with different material amounts/doses
- Consider alternate materials
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- Use timers or feedback loops and process controls for dosing
- MMRP projects: minimize quantities of donor explosives for MEC destruction

E-3.  Utilize less refined materials when feasible
Examples:
- Limestone instead of sodium hydroxide for pH adjustment
- Native fill instead of select fill

E-4.  Identify opportunities for using by-products or “waste” materials from local sources in place of
refined chemicals or materials
Examples:

- Cheese whey, molasses, compost, or off-spec food products for inducing
anaerobic conditions

- Crushed concrete for use as fill
- Concrete from coal combustion byproducts

E-5.  Reduce demand on Publicly Owned Treatment Works (POTWS)
Examples:
- Discharge treated water to groundwater or to surface water rather than POTW
- Minimize amount of water requiring treatment

2.1.6 BMPs for Water Resource Use

F-1.  Minimize water consumption
Examples:
- Sensors to turn off water when not needed
- Low flow fittings
- Minimize water needs for irrigation (landscape choices, use of mats and mulch)

F-2.  Preferentially use less refined water resources when feasible
Examples:
- Use extracted groundwater instead of potable water for chemical blending
- Capture and store rain/storm water for future use
- Employ rumble grates with a closed-loop gray-water washing system

F-3.  Use extracted and treated water for beneficial purposes
Examples:
- lrrigation
- Potable water
- Industrial process water

F-4.  Promote groundwater recharge
Examples:

- Recharge extracted and treated water when beneficial uses of the water are not
identified and reinjection is practical

- Minimize site area covered by impervious surfaces to reduce runoff and
maximize infiltration (unless such capping is a specific component of the
remedial action)
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F-5.

2.1.7

G-1.

G-2.

G-3.

G-4.

G-6.

Maintain water quality by preventing nutrient loading to surface water or groundwater
Examples:

- Use phosphate-free detergents instead of organic solvents or acids to
decontaminate sampling equipment (if not required for some contaminants)

BMPs for Waste Generation, Disposal, and Recycling

Minimize drill cuttings and all other investigation derived waste (including personal protection
equipment)
Examples:
- Direct push or sonic drilling to reduce drill cuttings

- Low-flow sampling or passive diffusion bags (if applicable) to reduce purge
water

- When possible place drill cuttings on-site rather than off-site disposal

Segregate excavated soil in pre-planned staging areas so that “clean” material can be deposited
on-site and/or reused rather than transported for off-site disposal

Consider on-site treatment and re-use of soil instead of off-site disposal
Examples:
- Land farming
- Above ground soil vapor extraction (SVE)

Minimize need to transport and dispose hazardous waste
Examples:

- Consider delisting listed hazardous waste if waste is not characteristically
hazardous waste

- Segregate hazardous waste and non-hazardous waste

When possible avoid/minimize use of hazardous/toxic materials that may require special
handling or disposal
Examples:

- Cleaning solutions

- Pesticides

- Disposable batteries (use rechargeable batteries)

- MMRP projects: minimize Chemical Agent Contaminated Media (CACM) at

RCWM sites.

Recycle or reuse materials rather than disposing of them
Examples:
- Cardboard
- Plastics
- Concrete
- Asphalt
- Steel and other metals
- Recovered oil/product
- Mulch/compost
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- MMRP projects - recycle recovered Material Documented as Safe (MDAS) after
inspection and certification that the remnants are free of explosive hazards

2.1.8 BMPs for Land Use, Ecosystems, and Cultural Resources

H-1.  Minimize erosion and soil transport to surface water bodies
Examples:
- Quickly restore any vegetated areas disrupted by equipment or vehicles
- Institute appropriate erosion controls during excavation such as silt fencing

H-2.  Minimize disturbances to land
Examples:

- Establish well-defined traffic patterns for onsite activities to minimize disturbed
areas

- Consider non-intrusive investigation techniques (e.g., geophysical methods) to
identify items like USTs and buried drums

H-3.  Preserve/restore ecosystems to the extent possible
Examples:
- Limit the removal of trees and vegetation
- Attempt to transplant disturbed shrubs and small trees to other locations
- Use native species for re-vegetation
- Retrieve dead trees during excavation and later reposition them as habitat snags
- Select and place suitably sized and typed stones into water beds and banks
- Undercut surface water banks in ways that mirror natural conditions
- Cut back rather than remove trees, bushes, vegetation

H-4.  Minimize drawdown of the water table in sensitive areas such as wetlands or areas subject to
subsidence

H-5.  Construct wells and other remedial process infrastructure (piping, buildings, etc.) to minimize
restrictions to anticipated future use of the site

H-6.  Preserve/restore cultural resources to the extent possible
Examples:

- Protected lands such as wildlife refuges, national parks, and wilderness areas

- Culturally sensitive sites such as cemeteries, native burials, and archaeological
finds

- Buildings or land parcels with historical significance

H-7.  Document sensitive ecological and cultural resources prior to initiating actions that might
diminish or destroy those resources
Examples:
- photodocument conditions prior to clearing brush
- MMRP projects: photodocument conditions prior to BIP
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2.1.9

BMP:s for Safety and Community

Minimize and mitigate noise, light and odor disturbance during all phases of the remedial
process, to the extent practicable

Minimize dust during construction activities by spraying water or techniques such as laying
biodegradable mats, tarps, or materials (already in EM385-1-1)

Select transportation routes for trucks and heavy equipment that minimize impacts to residential
areas to maximize safety and minimize noise and other aesthetic impacts

Minimize drawdown of the water table in areas that could impact production rates at supply
wells and/or irrigation wells

Minimize amount of time that heavy machinery is needed to enhance safety

Minimize handling of dangerous chemicals by selecting alternate chemicals and/or engineering
to minimize contact with chemicals (for MMRP projects, there is enhanced risk related to
explosion potential and exposure to chemical agents (CA) and agent breakdown products
(ABP) associated with RCWM responses)

Contribute to local economy when possible
Examples:
- Consider leasing local office space
- Purchase or lease equipment from local vendors
- Hire workers from local community

Utilize on-site construction practices and PPE requirements for anticipated exposure scenarios
rather than an overly conservative level of protectiveness that is more resource intensive
Example:
- Utilize general construction PPE protectiveness, which is less personnel and
equipment resource intensive, rather than HTRW PPE protectiveness, when
applying a non-hazardous soil cover for a HTRW landfill

2.1.10 Other Site-Specific BMPs

This would include any project-specific BMPs appropriate for this project not identified in the BMP list
presented above. These may include any BMPs that would be associated with the Army mission factor,
such as security or readiness.

2.2

GSR METRICS AND QUALITATIVE CONSIDERATIONS

A list of specific GSR metrics recommended for consideration of quantification (i.e., in the finalized GSR
Approach developed for this Study) is presented in Table 2-1, along with qualitative considerations that
are more difficult to quantify but may be equally important to consider as part of a GSR evaluation.
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Table 2-1

Specific GSR Metrics and Qualitative Considerations Included in the Finalized GSR Approach

Developed in this Study

Note that any project-specific metrics or other qualitative considerations
not listed can be added by inserting a row in the Table

GSR Considerations** Unit
Quantitative Environmental Metrics:
Energy Use MMBtus
Global Warming Potential Metric Tons CO2e
Criteria Air Pollutants (NOXx + SOx + PM) Metric Tons
Hazardous or Toxic Air Pollutants Pounds

Potable Water Use

Thousands of Gallons

Other Water Use

Thousands of Gallons

Refined Materials Pounds
Percent of Refined Materials from Recycled or Reused Sources %
Unrefined Materials Tons
Percent of Unrefined Materials from Recycled or Reused Sources | %
Non-Hazardous Waste Disposal Tons
Hazardous Waste Disposal Tons
Percent of Total Potential Waste Recycled or Reused %

Quantitative Economic Metrics:

Life-Cycle Cost, Discounted

$ (net present value)

Life-Cycle Cost, Undiscounted

$

Up-Front Cost

$

Quantitative Societal Metrics:

Risk for Injuries/Fatalities

Number of Injuries + Fatalities

One-Way Heavy Vehicle Trips through Residential Areas

Number of Trips

Qualitative Considerations:

Land Transferred or Made Available for Potential Beneficial Use N/A*
Existing Ecosystem Destruction N/A*
Time Frame for Land Reuse N/A*
Flexibility and Breadth of Options for Site Reuse N/A*
Aesthetics N/A*
Use of Renewable Energy N/A*

*N/A = “Not Applicable” — these items are difficult to fully quantify although some quantification may

be possible and can be described as part of a GSR evaluation in those cases

**This table includes refinement of the preliminary metrics used during the Pilot Projects

A detailed description of each metric is provided in Section 1.4 of Appendix A, and examples for

calculating metrics not estimated by the SiteWise™ tool are provided in Section 2.2.3.3 of Appendix A.

Footprint results for the 12 Pilot Projects (for selected metrics) are summarized in Section 3.2. Generally,
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in several cases were draft reports. In some instances, these data were augmented with specific
information provided by the Project Team via email or during the “Step 5” call. Cost information was
generally provided by the Project Team based on existing project-specific information. If such cost
estimates were not available, the GSR Evaluation Team suggested cost estimates based on previous
experience, and the Project Team could comment on the estimates when reviewing the Draft Final GSR
Evaluation Report for each Pilot Project.

It is important to note that the SiteWise™ tool was updated during the course of the Study. As a result,
some of the GSR evaluations for the Pilot Projects were conducted with Version 1.0 of SiteWise™ and
some were conducted with Version 2.0. The version of SiteWise™ used for each Pilot Project is
summarized in Table 2-2.

Table 2-2. Version of SiteWise™ Used for Pilot Projects in the Study
Pilot Project Site Name Version of SiteWise™ Applied
Akiachak Federal Scout Armory Version 1.0
Former Black Hills Army Depot Version 2.0
Former NAD — Hastings Version 1.0
lowa Army Ammunition Plant Version 2.0
Lake City Army Ammunition Plant Version 2.0
Lockbourne Landfill Version 1.0
Fort Missoula Blue Mountain Training Area Version 1.0
Shepley's Hill Landfill (Draft FFS Phase) Version 1.0
Shepley's Hill Landfill (Constructability Phase) Version 2.0
Umatilla Chemical Depot Version 2.0
Schilling Air Force Base Atlas Missile Facility S-1 Version 2.0
Former Schilling Atlas Missile Site S-5 Version 1.0

There was an attempt to keep the calculations of these metrics consistent, and as a result there are a few
features in SiteWise Version 2.0 that were not fully utilized in the Pilot Projects. The items included the
following: applying the number of non-machine-operated labor hours on-site for the safety calculations;
footprint of laboratory analysis based on analytical costs; footprint of POTW discharge; footprint of
potable water production; and footprint of waste disposal operations beyond transport to the landfill. An
informal sensitivity analysis was performed, and including these items in the calculated footprints for the
Pilot Projects evaluated with SiteWise™ would have had an insignificant impact on the calculated
footprints (and would not have changed any recommendations or conclusions for those Pilot Projects).
These features in SiteWise Version 2.0 should be used in future GSR evaluations, and those features are
highlighted in the "Example GSR Evaluation Report" included as Attachment A-4 in Appendix A.

In addition to the quantitative metrics described in Table 2-1, there are other important considerations
appropriate to evaluate as part of a GSR evaluation even if they are not fully quantified. Examples
include the following:

e Land Transferred or Made Available for Potential Beneficial Use — Remedial activities
typically involve restoring the site and making it available for reuse. The potential to make land

27

Final Report
August 27, 2012



available for reuse should be addressed as part of a GSR evaluation when pertinent. Restrictions
associated with land use should also be noted.

Existing Ecosystem Destruction — Remedial activities typically involve heavy equipment traffic
on unpaved surfaces, and/or require surfaces to be re-graded or re-paved. These activities can
result in destruction of existing ecosystems and reduction in existing ecosystem services such as
erosion control, flood control, and nutrient absorption. The potential for ecosystem destruction
should be addressed as part of a GSR evaluation when pertinent, even if the land is eventually
reused or reestablished.

Time Frame for Land Reuse — Remedial alternatives may differ in the amount of time required
to reuse the land. A shorter remedy time frame is generally preferred to allow productive reuse of
the land to occur more quickly. Considerations regarding the time frame for land reuse should be
addressed as part of a GSR evaluation, when pertinent.

Flexibility and Breadth of Options for Site Reuse — Remedial activities, site closeout activities,
and the potential range of site reuse (i.e., flexibility in institutional controls) can be controlled and
tailored to allow multiple uses of the site during and after remediation. Multiple site reuse
options can lead to considerable resource savings if a site reuse with more restricted land use, but
lower resource consumption during the remedy, meets mission and protection of human health
and environment goals. Potential tradeoffs between land use restrictions versus intensity of the
remediation (i.e., resource consumption) should be addressed as part of a GSR evaluation, when
pertinent.

Aesthetic Considerations - Items such as odor, noise, dust, and visual impacts associated with
the remedial process should be addressed. These issues may be difficult to quantify, but can be
extremely important for project stakeholders.

Renewable Energy Use Associated with the Remedy - Renewable energy is favored because it
typically has a lower environmental footprint (especially with respect to air emissions) than
conventional energy resources. The extent of renewable energy used in the remedy may be
guantified (e.g., as a percentage of total energy used) or may be qualitatively described. For the
purpose of this document, the following are defined as renewable energy resources:

o Biodiesel
o Crop-based ethanol
o Landfill gas

o Electricity generated directly from
=  Wind
= Geothermal reservoirs
= Hydroelectric
= Solar
= Biomass, including landfill gas

o Useful heat generated from
= Geothermal reservoirs
= Biomass, including landfill gas
= Solar
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Note that renewable energy generated on-site may be used directly as part of the remedy (e.g.,
solar panels used to power a trailer), but also may be associated with the off-site generation of
electricity used on-site for the remedy. Both potential aspects of renewable energy use associated
with a remedy should be addressed qualitatively as part of a GSR evaluation, when pertinent.
On-site renewable energy production can also be accounted for quantitatively in the calculation of
emissions from energy use (i.e., will result in lower emissions). Also note that the Energy Policy
Act of 2005 (EPAct 2005) defines "renewable energy" as electric energy generated from solar,
wind, biomass, landfill gas, ocean (including tidal, wave, current, and thermal), geothermal,
municipal solid waste, or new hydroelectric generation capacity achieved from increased
efficiency or additions of new capacity at an existing hydroelectric project. The definition of
renewable energy used for this Study (provided above) differs slightly because the focus for the
Study was to understand how the sources of energy impact the remedy footprint (e.g., how much
of the electricity comes from hydrothermal versus coal results in different emissions) rather than
guantifying how much new renewable electricity is “owned” by the Army which is the focus of
the EPACt05.

These and potentially other qualitative considerations are addressed in the BMPs described earlier. It is
appropriate to highlight key project-specific qualitative considerations when evaluating GSR
opportunities.
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3.0 RESULTS FROM PILOT PROJECTS AND OTHER CASE STUDIES

3.1 RESULTS FROM APPLICATION OF BMPS FOR PILOT PROJECTS

The GSR BMPs listed in Section 2.1 and included in Attachment A-1 of Appendix A were considered for
11 of the 12 Pilot Projects in the Study?. During the Pilot Project GSR evaluations, the list of GSR BMPs
was used as an outline for a general discussion regarding GSR opportunities already implemented for the
project and additional GSR opportunities that could be considered and potentially implemented. In
general, going through this list of GSR BMPs required a discussion of approximately two hours. The
BMPs are divided into the following categories:

Planning

Characterization and/or Remedy Approach
Energy/Emissions - Transportation
Energy/Emissions - Equipment Use

Materials & Off-Site Services

Water Resource Use

Waste Generation, Disposal, and Recycling
Land Use, Ecosystems, and Cultural Resources
Safety and Community

Other Site-Specific BMPs

STIEMMOUOWR

In the Pilot Project GSR evaluation reports, consideration of the GSR BMPs was summarized as follows:

o Examples of GSR BMPs already considered or incorporated by the Project Team prior to the
GSR evaluation being performed.

e Suggestions during the GSR evaluation for GSR BMPs that could be considered for further
analysis and/or implementation (i.e., BMPs that appeared to be “practical” for potential
implementation). Here "practical™ is defined as being feasible from a technical standpoint and
providing net GSR benefits as shown from the economic, social, and environmental metrics and
other GSR considerations evaluated in this Study for the individual Project Pilot. Other Project
Team limitations such as schedule, regulatory constraints, and site-specific logistics also impact
the potential implementability of the GSR opportunities. Examples of these limitations are
discussed in Section 4.8.

o Examples of GSR BMPs that the Project Team previously determined were not “practical” to
implement.

Table 3-1 illustrates the manner in which the items listed above can be presented in a project-specific
GSR evaluation report. An overall summary of the application of the specific GSR BMPs during the
Pilot Projects is presented on the following tables:

e Table 3-2: Number of Times Each BMP was Determined to be “Applicable”
e Table 3-3: Number of Times Each BMP was Determined to be “Practical”
e Table 3-4: Number of Times Each BMP was Determined to be “Fully or Partially Implemented”

2 One of the 12 Pilot Projects (Schilling S-5) was performed before the BMP list for the Study was developed, so in
general the BMPs were considered for 11 of the 12 Pilot Projects. BMP H-7 was added during the Study and was
only applied at 9 of the Pilot Projects. Also, two BMPs (A-11 and 1-8) were added after the Study and therefore
were not considered during the Pilot Projects.
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Tables 3-2 to 3-4 can be compared to determine how many of the “applicable” BMPs were considered to
be “practical”, and how many of the “practical” BMPs had already been “implemented” by the Project
Teams prior to the GSR evaluation.

Table 3-1
Examples of How Consideration of GSR BMPs can be Summarized in GSR Evaluation Reports

e Examples of GSR BMPs already considered or incorporated prior to the GSR evaluation
include (but are not limited to) the following:

o BMP G-2 (Segregate excavated soil in pre-planned staging areas so that “clean”
material can be deposited on-site and/or reused rather than transported for off-site
disposal): Project Team is using field screening methods to determine the extent of
contamination and using staging areas to separate contaminated and potentially
clean soil. Soil that does not appear contaminated is sampled and, if clean, used for
backfill.

o BMP I-3 (Select transportation routes for trucks and heavy equipment that minimize
impacts to residential areas to maximize safety and minimize noise and other aesthetic
impacts): The Project Team has identified an entry point to the site for heavy
equipment with less potential to disturb residences.

e The GSR evaluation suggests several potentially practical BMPs the Project Team could
consider moving forward. Some examples include the following:

o BMP D-8 (Design/modify housing required for above-ground treatment components
for energy efficiency): Have the architect look into passive lighting, sensors for
lighting, and other design elements for the treatment building that might reduce
energy consumption.

o BMP G-1 (Minimize drill cuttings and all other investigation derived waste including
personal protection equipment): Consider use of whole-water or no-purge samplers
such as HydraSleeves™ rather than low flow sampling to reduce or eliminate purge
water from sampling, since purge water must be disposed of as investigation derived
waste.

e The Project Team identified that some BMPs are not practical to implement because of other
project-specific constraints. Examples include the following:

o BMP D-6 (ldentify options for generating renewable energy for direct use in the
remedy and/or for alternate use at or near the project site): Re-using the capped area
for wind energy would likely compromise the cap (would require structures that
pierce the cap, which the Project Team indicated was not desirable) and is likely not
feasible given the proximity to an active airport runway. Using the capped area for
crops (e.g., biodiesel) would likely cause negative impacts related to sediment and
fertilizer runoff at the storm water drainage ditch.

o BMP C-3 (Reduce trip lengths): Due to the specialized nature of MMRP work, the
labor for the intrusive operations and geophysics must be brought to the site and
performed by trained and qualified specialists (i.e., the ability to use local labor is
limited).
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Table 3-2
Number of Times Each BMP was Determined to be “Applicable” (11 Pilots*)
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* One of the 12 Pilot Projects (Former Schilling Atlas Missile Site S-5) was performed before the BMP list for the
Study was developed, so in general the BMPs were considered for 11 of the 12 Pilot Projects. BMP H-7 was
added during the Study and was only applied at 9 of the Pilot Projects. Also, two BMPs (A-11 and 1-8) were

added after the Study and therefore were not considered during the Pilot Projects.

**The list of BMPs is provided in Section 2.1. The shaded boxes indicate that there are less than 11 BMPs for that
category that were considered in the Pilot Projects. For instance, the last BMP in Category C is “C-4” and the
last BMP in category F is “F-5".
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Table 3-3

Number of Times Each BMP was Determined to be “Practical” (11 Pilots)
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(100%) | (100%) | (91%) | (27%) | (27%) | (27%) | (55%) | (45%) | (45%)
2 11 6 9 3 6 1 2 8 2
(100%) | (55%) | (82%) | (27%) | (55%) | (9%) | (18%) | (73%) | (18%)
3 9 10 5 0 7 2 2 5 5
(82%) | (91%) | (45%) | (0%) | (64%) | (18%) | (18%) | (45%) | (45%)
4 7 6 2 7 3 2 2 1 2
(64%) | (55%) | (18%) | (64%) | (27%) | (18%) | (18%) | (9%) | (18%)
5 11 8 2 0 4 4 3 5
(100%) | (73%) (18%) | (0%) | (36%) | (36%) | (27%) | (45%)
6 11 9 0 7 4 5
(100%) | (82%) (0%) (64%) | (36%) | (45%)
7 3 9 0 4 10
(27%) | (82%) (0%) (36%) | (91%)
8 8 7 1
(73%) | (64%) (9%)
9 3 3 2
Q7%) | (27%) (18%)
10 11 0
(100%) (0%)
0
11 %)

* One of the 12 Pilot Projects (Former Schilling Atlas Missile Site S-5) was performed before the BMP list for the
Study was developed, so in general the BMPs were considered for 11 of the 12 Pilot Projects. BMP H-7 was
added during the Study and was only applied at 9 of the Pilot Projects. Also, two BMPs (A-11 and 1-8) were

added after the Study and therefore were not considered during the Pilot Projects.

**The list of BMPs is provided in Section 2.1. The shaded boxes indicate that there are less than 11 BMPs for that
category that were considered in the Pilot Projects. For instance, the last BUP in Category Cis “C-4” and the
last BMP in category Fis “F-5".
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Table 3-4

Number of Times Each BMP was Determined to be

“Fully or Partially Implemented***” (11 Pilots)
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S kG 2 2 o 5 = g S
N oJ =] c O
@ — E E n (@) bl 7p]
S o ois) w L k%) ) 8 e 88 =
£ g8 = = < & S | 38 £
= S o = P = . v O 5
* c 55 S 5 ks k3 B3| 29 >
5 = o e 2 < < S o g3 R
< o o< i L S = S | S =
m < s} ®) ) Ll w o T -
1 9 11 8 3 3 2 5 5 5
(82%) | (100%) | (73%) | (27%) | (27%) | (18%) | (45%) | (45%) | (45%)
2 3 4 9 2 6 1 2 7 1
(27%) | (36%) | (82%) | (18%) | (55%) (9%) (18%) | (64%) (9%)
3 8 9 5 0 7 2 1 4 5
(73%) | (82%) | (45%) (0%) (64%) | (18%) (9%) (36%) | (45%)
4 7 5 2 6 2 1 2 1 2
(64%) | (45%) | (18%) | (55%) | (18%) (9%) (18%) (9%) (18%)
5 10 6 2 0 4 4 3 4
(91%) | (55%) (18%) (0%) (36%) | (36%) | (27%) | (36%)
5 11 9 0 6 4 5
(100%) | (82%) (0%) (55%) | (36%) | (45%)
7 2 7 0 4 9
(18%) | (64%) (0%) (36%) | (82%)
3 7 6 0
(64%) | (55%) (0%)
9 3 3 2
(27%) | (27%) (18%)
10 0
10 (91%) (0%)
0
11 (0%)

* One of the 12 Pilot Projects (Former Schilling Atlas Missile Site S-5) was performed before the BMP list for the
Study was developed, so in general the BMPs were considered for 11 of the 12 Pilot Projects. BMP H-7 was
added during the Study and was only applied at 9 of the Pilot Projects. Also, two BMPs (A-11 and 1-8) were
added after the Study and therefore were not considered during the Pilot Projects.

**The list of BMPs is provided in Section 2.1. The shaded boxes indicate that there are less than 11 BMPs for
that category that were considered in the Pilot Projects. For instance, the last BMP in Category Cis “C-4”
and the last BMP in category Fis “F-5".

*** These are BMPs already implemented prior to the GSR evaluation recommendations.
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Observations from Tables 3-2 to 3-4 include the following:

All of the BMP categories were widely applicable to the Pilot Projects. For BMP categories A
(planning), B (characterization and/or remedy approach) and C (energy/emissions -
transportation) there were multiple BMPs applicable to all 11 Pilot Projects where the BMPs were
applied, and at least one additional BMP in those categories was applicable to 10 of the 11 Pilot
Projects. It was expected that many BMPs in categories A (planning) and B (characterization
and/or remedy approach) would be widely applicable, since the GSR BMPs in those categories
are general and are typically addressed in overall project planning and execution.

Only one BMP was not applicable to any of the Pilot Projects (BMP D-11: Run electrical
equipment during times of lower electric demand if possible, which does not reduce energy use
but could lower cost and also can lower stress on the energy grid during periods of peak demand).
This is a highly specific BMP and it is not surprising that it is not widely applicable.

The applicability of some of the BMPs is limited because the BMP will only apply to specific
remedial technologies. For example, BMP F-3 (use extracted and treated water for beneficial
purposes) will only be applicable for projects where water is extracted and treated, and this BMP
was only applicable to 4 of the 11 Pilot Projects. This differs from other BMPs that apply
regardless of remedial technology, such as BMP C-1 (reduce the number of trips for personnel)
which was applicable to 10 of t